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Abstract of the Dis closure 
A control system for a. eblotfinatiov pl&nt 
Cor paper pulp provider for ±c<*& forward control fo* 
continuously adjusting tho percent applioci cnlorinc 
to oompensato for short ana; cneOiwti to variations 
in bloach demand of the brown stock. A raatheaftatical 
model Of. the process may be adjusted for variable 
retention time and cViHorination tcNparature.R and also 
accounts for the. parallel oxiclfttion and substitution 
reactions in tha bleaching process* a chlorinate on 
fiftosox is rIbo pxovidua whac'A coiuponsatea (for changes 
in eonaiflttency unci haa t:wo Selected sensing wavelengths. 



The present invention relates to a method 
of bleach plant control and aiora specifically to A 
chl or inat ion/extraction control system. 

In tha paper making proceae the paper pulp 
j.o brightened to a selected target value or Xappa 
number by bleaching , Kappa nlaiuber in a measure of 
tho quantity «f ligain in the palp. An osscntiR] 
part, of the hi caching process is An the cbl or i nation 
and extraction stages where chlorine is added to the 
paper pulp and reacts %ith tbe lignin. lignin is 
the material in paper pulp which causes its brown 
eippaarance Artd v/Mch must be removed to produce white 
paper or in other -word*, to produce a Kappa number 
or brightness of a selected value. 

<Phi2B, in theory, it is desired to add the 
proper amount oi chlorine bleach for the amount of 
lignin present in the pulp c«ur,rentXy bein<? inputed 
into the bleach plant* This inputed pulp is normally 
termed brown stock. After completing the cUIwinatJon 
and extraction process the- bleached pulp &n extracted 

KApp& ot* K number wl^icb ic as close to the target 
ea pooBible . 

I'ypic&L bleach plants way have the loilovxino, 
stage arrangements 

1) CSHD 

2) C*UKi> 
3} CEHDED 

where 

C = chlurinutaon tOVCr 
B « extraction tower 
H « hypochlorite tOvCr 
D w chlorine dioxide tower 
IJ cb« tixnt two stages, C 15/ are controlled precisely, 



the control of tha later sfcacfoa is atuch oasie^. 

Ofifc typ^ bleach control BysLem which 
hai; bacn xjf>od JLn tho *>**t is fche -, blae* widow" lionfcroj, 
ayatem as described In an article by Oboachain in 

January, 13.S8, Voluae 41, 12?o. 1. Ill thQ "black 
widow 11 >yy.';tein a photometric eeneing device located 
downstream ol the, clorlnatox feed* back inf orAiation 
ay tf> the brigbtnGSH ox; Kappa number at the pulp at 
ttet point to control a chlorine volvo. However, 

10 this sycfcfcro tloer. not adequately control the extracted 
Kappa number x+jtw %M» poitrt a* wliiah the sensing 
device is Located ie upstream of the chlorination 
bower and oxtr actor. Thus, it will nod easily or 
adequately compensate for either ambient temperature 
chuugos or chan^ca in retention time ox the paper 
pulp in the chlorination process. 

Another approach to chlorination is described 
in an trtiole entitled "h »evr Approach to Iu-iinB 
Control ot 1 CMorination" by Jao* Strom and Harvey 

20 Noyrich in tho periodical Pulg and **?9 r ' M6Lrc h> 1*72 j 
and in U.S. Parent No* 3,46S,5&0« This aysLeja 
essentially the same diaodvantagd* afi tho "black widow " 
fiyStOUU 

Xn addition, both of the foro^oing approaches 
uea r proportional pins integral analog controller 
tthich produces an une table control loop. T and I 
controller* ore wuftliy dctuneii to provide a aluggiah 
reeponBe because of thu danger or process gain or 
deadtitne increasing; if those increase, the control 
30 loop becomes unstable. 

All of the conventional control methods 
for bleach plant control havr : ! poor control capabilities 
v/hich either rasa It in high bleaching co^ts because 
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of the dxcvMJi ohm of cHcjuicfcls, end conconitcntly pollution problem, 
«id also insults in poor control of hri^htiwss. 

XdMUy for jpoffecfc control* h pure feed forward system 
would b* mud whore tAo amount of ligniu in t3ie> lncomine pulp 
cardial!/ Mwasiarcd and the proper amount oC chlorine Is then added 
to react with the measured H.^ili) to produce Che desired niuowiC o£ 
blanch? &g or brightness. This cannot 'be dona slue* the anount oF 
liRrtin cannot be Fiicccsslull>' ireasured. 

Hrcovox, the e££ect o£ the cJtlftrU.* nfetvh ha* been udd»<i 
cm bo naftsurad. Hut,* again a pure rtfeedbucfc control system euunot 
bu used since- the total time for a typical diiorinjitian/e-*fcTftct:iuu 
process may rimyc from 2 to 3 hours. Tnis includes the time In a 
ch lor hie uo.jter, a chlorino tovror and an extraction tower. 

It is | therefore, a gemote I object of the present invent! en 
Ud provide an Iwfl roved COrtl'rol eysirjm for & bloacX plant. 

ft: to unothor object ol tie invention to provide k chlortttalHwa/ 
extraction control system wnich provides Lmpravod regulation of ex- 
tracted Koppn mtfoor and nance briftlvtne.ts. 

It is another object of Lite invention to provide an ii^rovecl 
rastfiod of tensing chlorination, 

» It is another object of Clio Invention to provide a chlor- 

inataon sensor l.n e systcn as above which aatomiti tally ccfflpsnimes 
Jbr changea ta consistency. 

Vho present invention provide* a method control I {Tig 
the extracted SCrippa nwnbo-r of papeT pulp in it process having a con- 
tinuous flew of such pulp through pi^iiAing neons *)ioro a bleaching 
agent 3 5 added and parti ill blotching takos place and through reactor 
menna to substantia Hy conplete Sudi b lunching said pulp being sits- 
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tcpMblc to the ccnceHtratioii of 11 gain which i* Minnaus citu£>1* d/ 
Uuclf vfcich afreets said aCappa number and wh*» aol.il pulp ta sufi- 
joctbd t.q s*jd bieneblfiB agent la sidd prcjidjdng jioigis itnct said 
-factor nosms which a£Xects said &ipj>a nuaiber said wathod eowprts- 
1.0.0; the rollwin^ stops: sensia*. a eolor value related to said 
Kappa imml)or after said Material uu.a bee* Mibj*i:<pd fcv *?iid ulisach- 
iug agent in said pTtimLxinjj uomu?; pTovidi^ n prediction model 
which in response to said sens&d valuj> ; th<* aiiounc of bierthlng 
ag&ut added, and tanpvrHticxo find retention tine in paid pradzov 
!) aud rector roans j predicts the future v*luo oi said Xeppa nuitber 

ufter being withdrawn Irani means relative to the present amount 
o/ bleaching agent heing lidded; and coflpariny Sirid predicted 
future valne siftex hping withdrawn from, the reactor tldhus *tth 
a set paiAC -seiVreiivis ?puC chant?* ^ %$\4 umovftf- of o-lcucninj; 
agenl: In -response to it lacfc of comparison. 

figure 1 is a black dia^am of both the actual process 
for cXlorinatirm/extrricticm oF paper pulp alona ifltfa a functional 
oloclc dUffra-TA of tb* pmcwfi which khft associated computer controls, 

Pilgoro 2 i« n biiinpliEiocl scheirartic o£ t)io cnlorinaticm. 
) aerisor of Pi guro 1. 

Pigura ^ is a set of chnract&rlstJlc ctfirn* useful lit under - 
standing tfic oporation of tho sensor of Figure 2. 

Figure* -1 is a set oX- curias useful 3» understanding the 
operation of the process of Figure L, 

Figure 5 is a mciro detailed block diagrau oF Figure 1, 

In Pignxa 1 there is shown in the |> recess* portion 10 a 
typical chlorinat ton/extraction plana.. Portion 11 ts either a 
computer xrr epnci»3 purpose: 
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control unit vbich control the operation of the plant 
portion ID. 

Bl>ceif.iciiily, the portion 10 include* a 
chlorinatiwi preniicez anit 12 vrtucii ha? as inputs 
the brown atock paper pulp flow on line 13 and chloripe 
flow on a line 14 which la controlled by a valvt *rr«ei«<jA- 
mant 16* The percent of chlorine applied to tho brown 
Block t of course/ ia a major factor in dGtsrmining 
the extracted Kappa, number or final brightness?; At 
-the output 17 &t the end of the process. Tl*e chlorine 
promisor 12 may bava a retention time of ?.D noconda 
to five minutes- ffoe transfer function of the preanixor 
is represented by the mathematical notation Gl (x) • 
I'be * transform funcLioxs is somewhat similar to a 
LaPlaco transform function except that in&tead of 
foeincf a continuous variable tho z transfer function 
is based on periodic samples? e.g,, every second, 

Th* output, of %)tv cblorJE.m: prcmlxcr which 
is normally a continuous; J; low is fad to a chlorine 
tower IB and then to an extraction tower 19 boch of 
which aro ocaantlally plug flow reactors* 'j'te total 
transfer function of the combined chlorinatJlon/ex tract ion 
process is represented as 02 tz) and represents a time 
<?elay of from two cc throe hours, At the outpxiv. of 
the chlorination precni*br 12 ia a chlorinntion senior 
21 which aenaes: Uie color of the partially, react** 
.pulp after having boon cubjuctad to the injected chlorine 
for tbe retention time of the preraixex. The: sensor 
output has been designated ns. The chlorination process 
continues in tbe chlorine tower IB, The reaction 
paroductn are extracted in extraction tower 1 9 where 
the final extracted Kappa number ia reached. 

■ Referring now to the computer portion 11 
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ol riguro 1. a predictor unit 22 provtdco a mathetaeticel 
model which pradietn the coalition of Uhe puDp 5 saving 
the ox tracta on tower 19 1 in other words, or edicts 
the extracted Kappa number, EK, based on the current 
operating condition** Pri*i5cet.or XI ia xesponaive 
to sever al ayetuaw paraioutore; percent appli<xi chlorine y 
CXif temperature, 'r r chlarinatiou sensor reading/ 1>6, 
and the retention tinieff of botii preaiixer 12 and chlorine.- 
tower IS, Xi\ addition, othor operating variables 

10 of the chlorJ.nat3ou proems which are taken into account 
ere tr» type of pulp ar»<i the actual part.ieula* char actor-* 
iatioc of the proceeding equipoient -rfHich includes > 
of course, chlorine prenlxer 12/ chlorine tower 10 
and extraction Lower 13 ♦ All of thctio variables including 
ambient temperature and retention times are represented 
by the input parameter* Kl 1 through K$ f . Predictor 
22 thua .provides on ita main output Xi.nc 23, *K or 
the predicted extracted Kappa number. 

ft byproduct of the predictor is the brov/n 

211 atocfc predicted Kappa nuwbcr BX which* ia actually 
tho amount of lignin in the current incoming paper 
pulp* TfciB value f ol? course, cannot normally he measured 
by ordinary on-line- methods. The value or BK is very 
useful' in the COJJtrol of the pulping process which 
proccdoa tho blanching proceaa. Ab il lustra fed/ predic- 
tor 22 Uaa rt© other inputs the brovrn stocx flow and 
the Elm; oi : chlorine, A combination of these two 
elements with brown etocK consistency will provltJo 
the percent chlorine (CL) added to the brown stock. 

30 Periodic feedback control of the e*tracrted 

Kappa number, A* fron output line 17 is also provided 
to stabilize the remainder of the control ays-torn Against 
Blow Orift in um^oa s arable var labia?. I'ho initial 
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6X tracked KQyptK number sut point in compared w.1t:l\ 
the uctioBl value and any error drives a predictor 
uydate wit 2S deed floated with a function U2{2). 
Outpu*. 27 qC tJiiis predictor In oPBence provider a 
fce^bacK biau v/hich when combined Hfith Che predicted 
extracted Kapps number, EK, provides, oo linn 23 & 
Kappa number updated fox alow drifts'. This is combined 
With a lino 29 "which hnB the current cxtraetetl Knppa 
number set point or target 4 the difference then providing 

iO an orror siy^l on line 30 to drive a chlorluo controller 
SI. This controller haa a characteristic n?.{t) Which 
is designated to cotnpeneate £or the delayed measurement 
of the chlorination sensor 21* Tn other word*, the 
controller 31 nac ft control algorithm DlCz) which 
ifl a a*ampled-data , dead-KJfttc compensated control algorithm* 
Xbe output oJT controller 31 on lane- 22 drives the 
chlorine valve control unit 16 in accordance *ith 
the error on line 30. 

Delay unit 24 incorporates a mathematical 

20- Model G2<7,J which is the retention time of the entire 
ch lor 1/iat ion/extraction process • Thin unit enables 
the operator to aaeiiy change the fins! set point 
by adjusting Ub^ current extra eta d Kappa number Bet 
point.' This change must, of course, be delayed by 
GHz) before being compared with the actual extracted 
Kappa number to provide nn update * 

It i& apparent £rom the roro^oiag .description 
that the computer unit 11 could bo cither a special 
purpose compute r, a General purpose computer or i 

30 specially design ad centrol unit with the actual functional 
bJ.ocXs and line? as illustrated, 

from a store theoretical and overall viewpoint, 
It in apparent that the systom as d ascribed above 
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is easpntial.lv a "teed forward system vH th rospact 
to the pre di otoc 22 wiLh a d*l*ye<'J TwarwremenL of 
Uic dlijfcoxb«vnoo variable . This diaturbcmce variable 
is, of course, the amount of Ugnin. in fcha brown atocX. 
or paper pulru The controlled variahla ia the brightneM 
or extracted Xappn number af ton brown stock and telw* 
manipulated variable it the porconr, chlorine auaed 
to th* brown stock. 

Figure 2 illusj-trote* the structural details 

10 of chlorine t.Lon sensor 2l # Such chlwrination sensor 
similar in concept to u moisture sensing device 
disclosed and claimed in D>s« latent 3,641,349, 'fhe 
senaor in as hp. nee a cur oh the tran emission of both 
visible and infrared light through a vinjicw 3fi In 
the pulp transmission line V) from the chlorine pretax xor 
12. A light, source 38 is focuBed hi' lenses 39 and 
41 and chopped; fcy chopper 42. After being transmitted 
through the pulp or fcrown stack which is flowing- ' 
through tho line's?, At i* split into mo portions 

20 by a beam splitter unit 43- One portion is filtered 
by a filfcor^l, focused thereafter by a Xens 44 and 
detected by a dotcictor The otocr portion ic Tilt^ruO 

by * 2 Uttvjr^ 2 , focused by lent; 47 and detected by 
« detector 48. The outputs of bovt> detectors ire 
amplified by aitiplifiers 4$ and 51, demodulated by 
<^inoaalatoj: 52 and than coupled to predictor 22. 
tfhus, the output of demodulator 52 is »a or the chiorin- 
ation aeoFjor output. 

the wavelengths X 1 nnd^2 are a? illustrated 

30 in Figure 3 substantially 50Q Millimicrons and 1075 
millimicrons. In other woxda,%l i» J.n the visible 
range and>2 in the near infrared frequency spectrum. 
H l he cuxvfeB of Figure 3 illustrate tf\e tran tmicslon 
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characteristic of the unchlorixiatHr* bro\?n stock and 
fche brown stock after nhlori notion and retention tWa 
• of coUi two mluuttiy wtid 50 ninul'es. It it apparent 
that the transmission of che wavelength >1 wi.U be 
©onaionxably a*f«cted by the aaoxmt of brightening 
or bleaching off the brown irtocx vhile the- transral salon 

of the wavelength "^2 i* D«A££ovtud. Thus, the latt«x 
wavolongth »ay be used as a reference and when compared 
withal will provide an indication of the chlorine 

ia . with the brovn stock, it is also apparent thatXl 
, aisd^S, although it la believed that optimum values 
have been selected, way be varied Bomevbat from those 
values to achieve the desired oeacoroi&eftt reeulta. 

'Che chloririafcion nonoor will also au-tom&tienlly 
compensate, fox consistency change?.. This i» because 
the pre sun co of more fibers ineroasos the araovnt of 
ligain in the path lontftb of the Xight being transmitted 
. through the window thus reading the fiber maec look 
darker. TMr, therefore, result » in the controller 

20 increasing tha chlorine flow. 

In thfc preferred ewbodlmont of the preaanti 
.Invention the operation of predictor 22 La based on 
the assumption that two reactions, naftoly oxidation 
and substitution, occur slnwltaneou&ly in producing 
the bleaching of the brown stock by the chlorine. 
This ic illustrated in Piguro 4 where the amount of 
chlorine consumed relative to the uo*al reaction tijia 
provides substitution and oxidation curves, the. total 
chlorine consumed being merely t]v» addition of tbofio 

3D two reaction curvoc. The substitution curve rises 
very rapidly relative to tl>e oxidation curve. It 
is apparent that consideration of these reactions 
is useful in providing a roatneantlcal model of the 
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bleed""? p*oo«aa. TMd is especially important vhor», 
referring to Figure 1, tbc cnlorination sensor U 
is necessarily located immediately at the output o± 
the chlorine premixer Khich may have a relatively 
short *vt*Pfcion tiTOft. Tbia location io lveceasary 
since by miniwiasino this delay time the control system 
ras$onse to rapid or high frequency changes in brown 
stock Kapp* number la made possible, 'ihe retention 
time will, therefore, full in tlie very early portions 
of tin* substitution-oxidation reaction cvrvee *horo 
the faecest rate of change ie occurring. Thus, for 
an accurato prediction, it 'is believed that it ia 
preferable Mo use the parallel m action BOdoX. 

Utilizing the parallel reaction nioddl fox 
the purpose of prediction the following asswnptions 
are mate; 

1. Two reactions, both firat order r occur 
simultaneously. 'Inoeo arc oxidation and substitution. 

2. Chiorino in aqueous solution is hydralicea 
according to 



where K£ is the equilibrium constant' at tompernturo 

^fffih fraction Of tue initial lignin of 
the paper pulp reacts with the nol ocular chlorine 
in a relativuly fa&t £ir*t order reaction? i«e-,r 



(21 



where La ib U^n concent ration of Xignin available 
for subctJ fcufcion and Jt fl ia a function of temperature 
doucribecl by Che hrrfceniue equation. 

4. Vb& total lignin also reacta with the 
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hypo chlorous aoict, B0C1, by cocitlatf.onj i»c.. 
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wharo I ie total lignin, l« 0 relates to the roaccion 
by oaiciafcioa and k 0 in again rclatod to temperature 
by tbo Arrheniua equation, 

The citoiohiuKietry of the consumption of 
cl 2 and KOC1 by lignin is related by 

Al* = afi |C1 2 ] W 

10 &L 0 = hi [HOC1] <5) 

where *« ,r arid "b" are the etoichioaetric coAfitnntii. 

The foregoing as sumption t con be uaed to 
derive 0 njetbematical rocxVsi which* is csoa by the predic* 
tor aa Bhown in Figure 1, Fox control about, a given 
fitQady aiiate condition it ie aaiiuiiied that a linearized 
approximation to the aforementioned model (5 ao adequato 
representation of the system* This assumption cannot 
bo extrapolated over cfitV ran 30 venditions becaua<*. 
the procese is not linoax- '.Therefore ( the linefcr 

20 parameters used in the linearized approximation model 
muat be updated vtoen 0 major change in the process 
conditions occurs , 

Tbe*e linear parameter* are functions 0$. 
wood species, retention fcxrnos botiteen chlorine addition 
point and sonsoi' and between chlorine addition point 
and chlarination lover outi&t, pH, temperature [inlet 
find ambient) , extracted Knppa number set point and 
purount chlorine app lie d« 

I*o methods are available to do. tormina the 

30 parameter?. The fir &t is by plant testing which <an 
bti vary tine consuming if operating conditions vary 
widely. The second method available to determine 
tho foxogoing parameter 6 Ls by pAaulatlon of tao proue»«e 
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using & nafchejnatittaL fnodol. 

There are tv/o bar.lc vcrt/iona of tho muthemati- 
eal model* First, It «ay bu bosod on a b ingle "pseudo" 
chroaical reaction. a*he second Khicb is ufiod in the 
prof or red ambodinwnt of the present invention is based 
on the two foregoing p^rallcL chemical r unctions including 
the o**ect Of liquid phase chemical equilibrium, 
The model, is ix3 ttie form of a cowputot proaram. it 
- is bollevod that the parallel chemical reaction model 
LO provides a better t'Jlt to experimental data over the 
full ranga of retention times since in accounts for 
the .rapid a lib b Citation reaction vttioh is obizorved 
in tho data during the first fev seconde or iftinutec 
after chlorine addition* The model itself includos 
equation* (!) , (?.) > (3) , (4) and {5> . 

initially, the JTollowiao conditions uru 
act: L r L & , initial chlorine concentration, k B 
and Jc^ K^, k g and.k G are calculated £rom tho ^pecii'iud 
reaction tcnipor&ture. 
2d Tho following steps arc then porformod: 

(«) Calculate the actual con cent ration 
of CI 2 anfl ^ oc3 - tx&t tiae hydrolyvi* equa tion {1} . 

lb) Over the integration inteir'/al A t calculate 
tho amount of lignin reacted by 

&L 3 = Jc fl ici 2 ] [L fl J jit CO 
fcr^ M k 0 |noc:j l jr.] At C7) 

(c) CalculrttO too Vnluus of lignin by 

L + L - i'tL^ + &L 0 ) (9) 
30 and consumption of- Cl 2 and HOC1 by equations (4) 
and <SK 

{d) Based on changes in t'l # UOC3., Cl~ and 
U rooonputQ Ci 2 A3ru * J10CI - At using too cquilibruiA 
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equation U) « 

{©> Repeat atppe <b) , («) f«nu <d> for Uhe d^si r*d 
to La?, time. This Lime, of course r includes tho rctontion 
tintea of tho prwhixer and the chiorinu tower. The 
results of tbiB nolutlon procedure ia to calculate 
the proiillc of Cl^ consumption a ad amount of lignln 
re*u;tod and the re Tore tho color, DSj ot tne pulp 
(which Is linaiirlv related ho the ajoount of lignin) • 

Vroift tho foregoing simulation the li*nar 
prtranieters x£ through K£ can be derived for any given 
set of conditions in eluding a change In retention 
time since the additions of & t compensate lor retention 
time, illeo changes in teropexa tuxe axe cotupaneated 
since k 0 and k s are related to temperature, 
*Xhe four parameter 8 are tho foliovinn; 



0DS 
ACL 

ADS 
/JDK 

o~bk 



{10) 
(Ul 
ill) 
(13) 



where cr. i* equal bo Che percent chlorine applied, 
BK ic equal to the brown a toe* Kappa number input ed 
into the proeeaa, kK io equal to the extra c feed Kappa 
number, and AS ift tho digital chlortnfvtion sonsor 
output. illustrated in Pi<yurc 1, the four paramebers 

KJ_ through x£ arc input cd into the predictor in an 
off-line mode. At the pxeeent time this ie believed 
to be the roost satisfactory wethod altfiough on cm- 
lino J&ode miyht be used wbon needed for certain typos 
of procousea. 
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Tfao prinw obsignation:; represent the value 

used in fchis wodol which may differ from -tlna ?fcrw ,r 

values for th» process because of unu voidable, eiror? in 

a animating the parameters. Aa illustrated in Figure 5 

- in tho actual prom.™ shown in block 10 the K'jj are 

unprimrtd «rt<3 in the computer a* nW/n i/i b.1o<»X 11 the 

K ana. G functions ara pxiiwaa. 

nore specifically, to datermine the p&raiiietors 

throogb from the parallnl reaction woael, small 

3.0 perturbation cornpu cations aw carried out. Kor example , 

to calculate Ki « 3og the initial values are set in the 
1 m 

•nodcil and DS is cojupoted at: tJu* time; tiu - the outlet of 

the premix«r. Then the initial value of Cti is changed by 

and »B is recomputed; the. dlfEerencc is fli>S- If dCL 

apprbacheR cere then K*' •» 3DS » &&3 » 
* 3CL JUT 

In the linearized version of the Jtiiithematinal 

model* the digital chlorinatiau sensor output, DS , and 

2Q tho extracted Kappa- number # EK, may ha related to to* 

constants K-j through by the eguationei 

PS - GKk) CI + Gl(r) DK (1-15 

SK = K 3 CL -f K 4 B* <1S> 

Those TOuy be intuitively derived tfince in equation (14) 

the digital sensor output is, of course, rolatod to 

initial brovn 9 took Kappa number and the reaction of 

the ohloxinc with that brawi stock. The a woe is truo 

in equation (15> of the extracted Kappa nurabox, Bk. 

The function Cl(z) relates to toe dead time of 

30 thu proceen plUB the first <5rder lag response between 

CI or BK and the oatput reading of the digital chlorinatic 

censor and way bo reproj/Ented by 
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whero 





1 - (l-L)iT 1 




L => 


1 - OXp (-T/tl 


(17) 






(18) 


r - 


time constant 


(IS) 


<N*M) T ■» deadtiroc 


W) 


I s = 


sample interval 


<21] 


>J - 


integer 


' %22) 


o < 


ill < 1 


<23) 



the roxegpixig merely iUustratoa a z transform 
function wbich is similar in the continuous node to a 
Lai» lace rransiorra function. 

Prom q practicnl standpoint, instead of: prttdiuting 

A 

tht) valve of ER passing the chlorino addition point 
(NHl)! 1 tira ago it is more practical &o predict PK 
which ie the predicted brown Stock Xuppa number lagged 
by the dynamics Gl r (2)- Ci : U) would include the process 
response together with the exponential filter Log on th» 
digital chlorination sensor signal, 

'i'hua, rewriting equation {14} in u now format 



•yields 



DB « 01 1 (a) K| Ct + BK , . (24) \ 

A 

Rearranging equation (2d) to solve for dk gives 
n K <=• DS - Gl' (Z) K i CL {25) 



Rewriting equation (15) to now include the z 
function giv-EB 

t 2iK » CI 1 (z) K 3 d + K 4 JBK {26) 

and substituting equation (25) in equation (26) yields 



(7,1 [K* 



A I ] 



(27) 



."5 
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Xt iv apparent re/Axi-ln? to tbo prfcdicuor 22 oi' 
Figure 5 that equation (25) n«y be utilized to *oavo lor 
MC and equation (271 for BK. The toiuUion to aquation* (2c) 
and <2?) in 9h0UA in Mock diagram Potfront in the pre die-tor 
22. Nobfc that if it: 1b desired to solve for UK the 
remainder of block 22 need not bo used. 

Thua, the present invention ha* provided a fcod L 

forward type control algoritllTO which is designed for nuduma 
dynamic effectiveness by cuinpojujeting for the inherent tiao 
delay between chlorine addition and eeneor position ♦ Also 
the present process oasily provides tor variations in 
chlorlnation temperature and in retention tine. 
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u'H* bmbodiwwto ot i'HB tuywpxcmi in which ah exclusive 

PKOTERT* UK PVIVI1ME 1$ ULATMRD ARB MYJNtfU AS TOUONS J 

1. In a noVAoA of controlling thw extracted Xh»n 
number ot papor pulp in a process Having a coutljJUOUS flow 
of iwjfth pulp through prawiidng wmon where a bloacblng agent 
ip addnd and par tin J birsnuliing takou place and through 
reactor mean* to substantially complete uuvb bleaching :;*id 
pulp being 6uScepl'.il>le to the concentration of liy«*.n which 
1b wuMttttufMhln by itou!' which oitYwti said Kappa number 
dm! where sulci pulp is »«bie£tAfi to raid bleaching atftioL ii> 
sold premising J**™ and said reactor mane vbicta af J;cc:l;B 
naifi Kappa number said method comprising the following sr,«?ei 
teasing a col.or value rolntn* to said »Bpa number &fc»r 
r5 ^ ta waLexial boa i>*en subjected to aoid b Ui*cbing a^i^t it* 
paid prenixing wean*? providing a ps^diction w*al which in 
response to sutd sensed value, the amount of blsaebLng agent 
added, and temperature and retention time in sai.d premise* 
4»a reactor means, pr&dluts the fututo ™iu* o* Kappa 
oumbec after fo*t«9 withdrawn £row means raUcive tu biM present 
amount a£ bleAOhing y^tsnt being addad; and cojiipari.ncj said 
predicted tfuLurD VA.I.U6 after bo^og withdrawn Hroui the? reactor 
moans with a sat point romance end chMtfing said amount of. 
bluacjhiog agent in response to a lack of caparison. 

2. a method according to Claim 1 whfcr* said valne 
related L:o said Kappa nunbor is measured after SAld pulp baa 
b*e» 8ub>!«ted to aaiii hlaachimj agftnt in prauixlnq 
rooana for a wlaLivwly «tmrt bin* period as compared to 
said rotontion time a aid roatrtor means which is A 
relattoeriy Ions" time period*. 

3. n method according to Claim 1 vhfcre said go Lor 
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VAlui'; fol&toif to Gdid Kcippei nuiabor ia sdojiuuti by jaoeiouriu<j tJtu 
transmission of n solactad w&vclcngth of visible light through 
said pulp* measuring Lhe transariesion of e> selected wavelength 
of infrared through &*id pulp and CGmpuring said uwo 

4. A method lib in Cluija 3 where said visible 
wavelength £a a uh financially iiSO miU.iinicrons and «aid infraxeS 
wwolwigth substantially 1075 ndllimtecong* 

5. A method ar in claim ] vhpre said bleaching 
ag^nt its chlorine which iu consumed in accoxdajjeo wiUx the 
para .1 lei reacliion or lignin viLta chlorine in both oxidation 
arxt substitution mod** aaxd reacLicms being affected by 
variations in bald tcinperatuc'o and rotation Ut»on said 
prediction mode) being responsive to said variations. 

G. A jn^thoc! of continuously controlling the Injection 
of a bleacning agent into a moving stream of brown stock for 
pixxfoirtaig & <tesi.red brightness in utae brwo stock such bxom 
stuck after Haiti infection being retained in reuutor cowans 
fi nfo dote rinl nod cctoafcion Uimi5 to substantially complete the 
bleaching and fcharoaftoi: v i.thri snwu taw K*id rfcAcl:<vr al a 
continuous rate, said method comprising tho tftopy oC; ?u : :naLng 
the color CDS) of fc«.Ul storjK eifte/; said bleaehii>g agent i« 
IjijuClved but before Baid stock is placed in y&id recvutoi: 
moana, £>rodict:Uej tlMi octracr.ftd Kappa nujnber r of ©aid 
stock after being vlfcljdjMm froro said reactor bas©d on the 
currant value? ot perc^m: bleaching agent applied (CL) antf the 
darkness of the brown stock (BK) by 

& ~ - ciU) X l CL (U 
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*>\ere T*K is the pjreciicted darknuua of to* brovu a Lock 
lagged by *h* dynamics CI* 1 (xj ami rfVil>i!tihuLij)g fccjuaLion U> 
(2) 

- K i US + CI* U) lKi- K ^J Ct, 

waqxt? Cl'U) I- 5 A 2! hype* ifniKtUon ref iecLLii<j lag response 
KH:h c«Bpfict to a change, in brightness ccji^ud alter ad&ition 
of bleaching agent where 

K| ~ Ado 
XLX = ADS 

K' " AEX 
4 2T5x 

said foregoing pararoeterR X| through being doxiv&d Irowi 
a mathematical model based on the parallel react *>.on of hrnwn 
tfubstn/icu t.n KAid brown s Lock with eaid bleaching ai*cmt li\ 
both oxidation and uhntifcufcioji modes said derivation being 
baBed on ambient tamper utu re oif f.aid nrown *Uoc:ic and aaid 
retention Lime in sa:ul rreactor meana along with othur parage Ue* 
of Lhe wethod, and cowy axing BK v.Lth & Ret point preference axsti 
changing too injnetiQu of said bleaching agent in response to 
a }r*clc of: uontpariaon- 
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